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Natural microscopic swimmers

38



Nanotechnology as




Swimmers Walkers and Sliders

« How can we make things move?

« Walking or sliding

» Rotary motors & flagella g& s

e Minature submarines?




Reynolds Number
o \Water feels different as you get smaller

From EM Purcell — Life at Low Reynolds Nymber
American Journal of Physics (1977) 45 3-11



At the nanoscale, water Is
gooey and viscous

Characteristics of flow are
determined by the
Reynolds number:

R, = density © velocity = size

VIiScosity

 If we (or a dolphin) were shrunk to the
nanoscale water would feel like the most
viscous treacle...and inertia would not
matter at all!
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Detaill Balance

* At low Re a reciprocating motion is not enough

after Purcell

« With Re <<1
|t just moves backwards and forward
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Is reciprocal motion enough?

Not If the object is symmetrical!
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How biology beats the detall balance
Building in asymmetry

Developing ratchets
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Bacteria

have no
memory o
(inertia) v=u+at

Navier Stokes
equations

and why time
does not matter

Np +AN2y = r.l]”—i/+r(u- N e



Theoretical Swimmers

Purcell 1977

Ramin Golestanian
Phys Rev Lett 2005
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Drug delivery

Typically, 99.99% of drug
molecules fail to get to
their target:

*Bad news if they’re expensive
*Even worse if they're toxic

Nature Cancer 2004

Need to wrap them up in nanovectors
which protect them from the body’s defenses

And incorporate ways of targeting them to (e.g.) cancer cells.
o 48
Only a couple of crude examples in current clinical use



